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Introduction
The measurements in flight of lhe glidcr wing loading

ipecirum made in Poland on the SZD-sl-l 'lJunior" glidea as

relal,ed to the maneuvering loads in aerobatics were reported
al the OSTIV Congress in Benalla. 1988.

The turther measurements taken during winch launching,
ground run at aerotowing take-ofk and in landings fom a

continuation of the previous investigation.
The measuring system and data processing were describcd

in theBenalla repon. In rhis .eporl, ihe resutts obtained in rhe
above-meniioned operation cases are described and discussed.
The reason for Ihc separate analysis ofthe wjnch launching
and ground run is rhai the basic loart factor n l. is not equai
lo, contrary to the orher in-flight situations whe.e it is. (e.g.
inrcrlhermdl flrghr. finalgtider or ned,ty ro re.g. circlng in
$emal. aeror,,s rng) Jue ro Lle run!flburion ol taltforce. b;nt
angle. etc.
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P$ wing lifi
W all up weighl ofglider

w!. - wing weighl

1* = -l ..1oq;u. t1,n.

t - rraction of timc

rbr toral tine of ihe observation

Thc wing load factor "nw contains two compon.nts:

n*o = basic load laclor

ln.* = increnental load factor (positive or negative as

shown on Fig. l).

The fiequency of the load cycles, as the second data for nw

= f (t*) diagram, is listed in lhe lables and related to 100

observations. The table values for each '1*' value rrc the

cumulative cycle amounls.
Such a folm of data presentation is convenient for thc case

ofbasic load lactor being not constant in lime.

Presentation of datg
The wing loading spectrum for the cases of winch-launching

atut ground run, where lhe load faclor changcs with tine. is
presented in the fbrm of

n*=f(i+)diastan

"J

sincethewingis loaded by ils own weight. actingdownwards

With the iDcrcasing airspeed, thewing lift lorcc Ps reaches

the value of W* and the wing becomes "wcighdcss" at l* =
0025 to 0.05 (dependingonthewindvelo.ity). Then, the basic
load factor increases to balance the weighr rnd cable force
componcnts. I1s maximum value appears at lhe steep part of
the climbing palh and reaches 2.1 to 2,7 (also depending on
rhc wind velocityl at time t* ol rboLrt 0,55.

on Figure 2.
At the stan point the basic load factor value is:

l'igure 2,

The measurements werc raken at thc wind velocities of 2 5,

5 5 and9.5 m/s: naximurn basic load fictor versus lhe wind
vciocity is shown on Figure 3.

v. t' ,rr.. rr rb

l'igure 1.

winch-launching
Thetime q,i" ofeachlaunch isthetimc lron the beginning

of the glider motion up to the momenl ol cable release, thai
is the lime oflhe total lake offproccdure.

The variatbn ofrhe basic load factor vcrsus rime is shown Figure 3.
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l h! uIucsol incrcrrcntaI load lilct(tslbrSrassandconcrctc
\urlxfcs lrc shNn on Figure 6. Thc intluencc of thc surface

cr,ndirii)r is casy ll) rcco-cn;z!. ll was inlercsling b find thal
the Dcga(ive incrcmcntal load f0ct(,r lor grass rcaches ils
nraxinnnn at 1* = 0.6.

,1

j

l'igur€ 4.

The incremenhl load hdols dn$. (tbiitivc and ncgativc)
were measured in weak and modemte turbulencc (Figurc4).
The wlues of incremental load factors incr€ase wilh limc. sincc
the air turbulence is greater at higher ahitude.

The lrequencies of peak loadinS are lisied in thbtc I. as
rclared ro 100 launchings.

Ground run at aeroto$ing
Thc lariali{rn ofbasic bad fairlor wilh timc is sht^vn on

Figurc 5. lnitirlly negativc due to thc wing s own weigh!. the
valuepassesthrough zero ("weighllcss 'wing).ttl+ = 0.16 and
hccrmes I,0:rt fte end of the obseBcd section when thc glider
i\ airborne

Figfie 6.

TABLE II: l,o8ding cycle$ for 100 gmund runs
in aerotoring

0t 0.2 0l 0,1 05 0f ot luu t.0

r0t7 t451 1874 ?m? 3?01 lrm 8i 186l

lm0 r860 2690 I.ll0 1tl0 5t0 iuo 
| 
7l]q, 7Ii10

Thc lrequcncies ot peak loadin8. again relalcd lo l0O gmund

runs. are conrained in TablclL Tbcconcrele surlaceproduccs
a grcater numberolloadingcyclcs, butof a considerably lower

load level, due to the very small unevenness unifb.mly
distributed alonS lhe run*ay, contrary to lhc case ofgruss.

(;round run at hnding
Thc diagran of basic load fictor vcrsus time. shown olr

Figure 7. has the invencd sequcnc€ when comparcd with thal

for lake-otf. The load faclor dccreascs fmm I O al touch down

Firure5.

TABI-E I: l-oading cycl.s for llx) t*inch-launchings

FtgureT.
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Figure 8.

and passes zero a1 t+ = 0.46. The incrcmcntalload firclors for
grass and concrete srrfaccs are shown on Figure 8 The posi
rire in( remenlal .odJ tu. h,r i ir grn.\ rerch,\
t* : 0.25.

The licquenc ies ofpeak lodding, relaled lo l00landings. arc
contained in Table III

T{BLL lll: hading c}rle. for 100 Around flrn.

Sp€ctrum shape a! used for Ihtigue test program
For the purpose of programming thc wing ground fatiguc

tcsts, ftecontinuous load spe.trum is snnulaled by the stepFd
one, as commonly practiccd today.

For each load stet the brsic as well as lhe maximum rnd
minimum load factr)r values have been established rs rhc
main parameters ofthe lest progranr.

Figure 9 shows such a program fbr winch launch ing of rhc
SZD-5U 'llunior" glider in lhe wcak and noderateturbulencc.
The number ofcycles for clch loading level ha! been cstab-
lished for the life tinreof t00O flying hours, accordi.g to the
assumed paltern ofglidcr operation. Tbis life tnnc includes
2560 winch launchcs.

Figure l0 shows fte wing faligue test progra'n ftr ac(nowing
ake offt in the lff)o flying hours lifb lime. This includcs ro
1780 take offs as rchled to the pattern ofSZD 5l 1 Junior"
glider operation.

wing fatigue {en program for landings is shown on Figure
ll. The number ofcycles covers the operatbnal paltcrn of 2318

landings ofSZD'51 I "Junior" glider within the l0O0 flying
hours Ufelime progran.

t6

Conclusions
Thc specrrun ofthe wing loailrng in \\inch laurching and

ground nxr ar take off rnd l nding. which when cdnpared
with the other opemtion situaiiors, differs due to the basic
load liclors being lt limction oftine. This hcr does nol per
ril preserring the speclrunr. as usually, in ihe lbrnr of

culnmulative lineot'load i:ctor\€rsus f.equenq with rhe basic
load no : l. or neafl]' so.

I'igurc 10.

:rl landing
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Figure ll.
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I'igure 9.

Fo. the puryose of describing the spccrrunr the relative ljme
''t*' has been introduced to pernit:

. lhownrS the basic load f:lcto. as a ftrDcri(D oftime.

. avoidnrS the influence ofdifferent rotal tinc 'tilr" ofthe
tcstcd badingcases (due to variations in winch powcr.lcngth
ofthc lowing cable or the ltpe of towing pl.rne, condition of
airficld surfaccs. ctc.).

,ds aconsequcn.c ofsuch an aslumption the incrcnrntallond
l-lctors hNc aivr becn prelented as the lunclion oltimc'1+'.

Thc load pcrks havc bcen snuothed to rhe avenige lincs o1'

maximun and mininrum, rnd theseaveraged \nlues have bccn
used in designing thc iNligue test prograD for SZD,5l,l
''Junior" gLlder.

The diagrams ofbasic load f!.tor vcrsus tilne pernit lill

lowing the shape ofiunction oiincrcasing lift in hne with lhe
increasing glider airspeed, or decreasing the lift with the
decreasing airspeed for takc-oil and landing rcspe.lively.

The wing tatigue tcst prognm is, therefore. based on thc
different basic load faclor fbr the particular load lcvcl and
particular time scctions.

The above spectrumdNLtarc understoodasapatof thcwid.
ilighi testing trogram anned al producing practicrl malerial
for designing thc f.rtigtlc test progmn.

The next stcp, planned 1o be completed in thc ncxt year is
to record thc brd spectrum in aerotowing, circling in thennals,
interlhennal llighls ind final Slides, as wcll as sa\€ flyinS.

Allthcsc opcralional situations should bc rneasured in the
wcrk. moderate and especially in thc strong turbulence
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